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Winter Wheat Growth Simulation under Water Stress by Remote Sensing in North
China
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Abstract: Accurate crop growth monitoring and yield foreasting are significant to food security and sustainable development
of agriculure. However, regional aop growth smulaion under water stress faces the difficulties in determining the spatial
distribution of some model parameters and initial conditions, such as initial available soil water and irrigation. It appears to
bea big potential in this field to couple remote sensing data with aop model. In this paper, we proposed a way of
combining evapotranspirat ion derived from satellite remote sensing data with crop grow simulation model ( WOFOST) under
water stress. Some modifications of WOFOST model were performed with field experimental data to make it applicable in
North China Plain. The combination method was first applied to simulate the growth, development, and yield formation
processes for winter wheat a two sites, Tai’ an and Zhengzhou, during the growing season from 2001 to 2002. According to
the results of sensitivity analysis, the initial available soil water was chosen to be recalibrated by observed
evapotranspira ion derived fran MODIS data based on SEBS model ( Surface Energy Balance System). Also the biomass at
reviving and irrigation a heading stage were selected to re- estimated by observed SAV and evapotranspiraion, cnsidering
over-winter process and the importance of irrigation on winter wheat yield formation in North China. The difference between
observed and simulated evapotranspiration/ SAM was minimized by re- initializing/re- parameterizing three chosen initial
conditions/ parameters with an optimization program ( FSEOPT') . The estimated values of initial available soil water and
irrigation showed good agreement with observations at the two sies. And the relative erors of simulated dry matter w eight of
gross above- ground and storage organ were reduced also. On the basis of the regionalization of weaher data, model
parameters, and initial conditions, we used this method to estimaie winter whea yields in North China during the growing
season from 2001 to 2002 a the scale of 0.25 degrees, especially for Henan, Hebei, and Shandong provinces. It was
showed that both soil water estimates and final winter wheat production estinates were consistent with ground measurements
since the mitial available soil water, biomass a reviving and irrigation at heading stage were recalibrated by remote sensing
data. The relative root mean square error ( RRMSE) decreased from 0. 63 to 0. 20 for the yield from 32 experimental sites,
which distribute uniformly in North China Plain. Also the aggregated yields for three provinces were mproved, with relative
errors — 4.9%, 4.5%, and 8.6%, respectively. These results illustrated that the evapotranspiration derived fran MODIS
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data could be used to improve the winter wheat yield estimate under water stress on a regional scale. Further study should

focus on better understanding of processes, error accumulation, and mprovement on validation of both evaportranspiration

derived from MODIS data and simulated yields for winter wheat.
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1
Table 1  Description and range of parameters and initial conditions
during optimization 2
Parameter and initial condition Description Range 2.1
WAV (mm) Initial available il water 100-300
TDWIRE (kg hm™?) Biomass at reviving 100 5-2300 ( DOY 66 71
R (mm) . . 0-500 78)
Irrigation at heading st age
, 226 mm(  2),
2001 —2002 5. 1% , SAVI ( DOY
: 3% 6 71 8 92 98)
, (DOY 92 108 121)
; : 1 401.2 kg hm” 56. 1
, mm(  2) 60 mm
2
Table 2  itial values, best estimates and observations of parameters and initial conditions
Tai” an, Shandong Zhengzhou, Henan
V ariable
Initial value Estimate observation Initial value Estimate Observation
WAV( mm) 198 226 215 163 256 233
TDWIRE (kg hm™2) 1218 5 1401. 2 — 2069 2 1001. 5 —
IR (mm) 0.0 56 1 . 0 — — —
, IAI
( :
2),
144
- 11.3% - 1.9%,
- 7. 1% -0.6% LAl , 2.2
, 2001 —2002
(DOY 324
98  108), , ; SAVI
256 mm, 233 mm )
1 001.5 kg hm ™~
AT (2
f), 2.2.1 FIH#E B ER s LEA XA KRE
( 2d, e, 136 3a 70%
- 4.2% - 85.3% AB
2.7%, = 15, 0% , ( 3e)
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Fig 2

Simulated dry matter weights of gross above ground (TAGP and storage organ( WSO ,

and IAI compared with observed values in 2002
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a, b, ¢ Tal an, Shandong; d, e, f: Zhengzhou, Henan.
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Fig 3 Smuated and observed initial available soil water in North China Winter Wheat Region in 2002( mm
a: 70% s be
c:
a: Initial available soil water with 70% relative soil moisture; b: Initial available soil
water reinitialized by evapotranspiration retrieved from remote sensing; ¢ Observed
initial available soil water at a period of ten days in emergence stage
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Fig 4 Simuated biomass of winter wheat at reviving in North China Winter Wheat Region in 2002( kg hm™ 2)
a: WOFOST ;b: SAVI

a: Simulated biomass at reviving by WOFOST; b: Biomass at reviving recalibrated by SA V.
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Fig. 5 Simulated relative soil moisture at root zone on DOY 98 in North Chinma Winter Wheat Region in 2002( %
a: RV : b:

&y
a: Only with the reinitialized initial available soil water; b: With the reinitialized
initial available soil water and recalibrated biomass at reviving.
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Fig. 6  Simulated relative soil moisture at root zone on DOY 128 in North China Winter Wheat Region in 2002( %
a: 128 ;
b: 128

a: With the reinitialized initial available soil water and recalibrated biomass at reviving;
b: With the remitialized initial available soil water, recalibrated biomass at reviving and Irrigation at heading stage
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